In order to investigate the effect of charge in the biofilms, several variably charged fluorescent solutes were employed. The structures of probes along with their fluorescence spectra are given in Table S1 . 
Preparation of the silicon nanocrystals
The complete synthesis of the silicon nanocrystals can be found in Clark et al. [1] Briefly, Si-NC were produced in a silica matrix composite by high temperature processing of hydrogen silsesquioxane in methyl isobutyl ketone (HSQ purchased from Dow Corning under the tradename FOx-16) under a slightly reducing atmosphere. In total 1 g of silicon composite was etched with hydrofluoric acid in the presence of ethanol and water in order to liberate the particles from the silica matrix. The particles were then extracted from the water with three portions of toluene and transferred to a flame-dried custom Schlenk flask that was equipped with a quartz 
FCS of the probes and nanoparticles in water and biofilm
The correlations of the fluorophore Org 2C and the nSi 1 in water and in the biofilm are shown in (Table S2) . 
Labelling the gold and titanium nanoparticles with oppositely charged probes
When the labelling of the nAu and nTiO 2 nanoparticles was performed with fluorescent probes of opposite charge (R123 and Org 1C), diffusion coefficients were reduced significantly with respect to the results obtained with similarly charged probes (Fig. 4) . Nonetheless, despite of the agglomeration of the probes in water, similar conclusions could be drawn as for the nonaggregated probes (Fig. S3) , i.e. diffusion was slowed for the nAu more than for the nTiO 2 
Agglomeration of nanoparticles
Agglomeration of the nanoparticles was sometimes observed in solutions that were left to age or under specific physicochemical conditions. Agglomeration could be detected by following the NP with time or by cross correlating the two FCS channels (two colours) (Fig. S4) . Fig. S4 . FCS cross-correlation curves for the nSi 2 nanoparticles in water (pH = 7.1, I = 1 mM) as shown by the blue circles in cross-correlation curves due to the agglomeration of nanoparticle of nSi 2 in water were detected for nanoparticles that were aged 3 weeks (∆).
Nature of the biofilm and biofilm measurements
The Pseudomonas biofilm has been characterised previously in our laboratory using confocal laser microscopy ( Fig. S5 ) [3] : . Fig. S5 . CSLM images of the Pseudomonas fluorescens biofilm. [3] Environ. Chem. 2013 ©CSIRO 2013 doi:10.1071/EN12106_AC
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The average thickness of biofilm was ~10-30 μm (Fig. S6) . Diffusion measurements in the biofilm were performed at a distance of 10 μm from the coverslip whereas 'bulk solution' measurements were performed 100 μm above the coverslip (Fig. S6) . The main reason that numerous spots in biofilm were scanned (15-25 replicates) was in order to average out effects due to biofilm heterogeneity. Much of the complexity is due to the nature of the EPS and the accompanying water channels in the cell clusters.
